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(54) OXIDE THERMOELECTRIC CONVERSION MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a P-type 
oxide thermoelectric conversion material having 
comparatively high conversion efficiency, which 
can be used at a high temperature and is stable 
in atmospheric air. 

SOLUTION: First oxide thermoelectric | 
conversion material relating to this invention is f 
composed of oxide semiconductor shown by I 
RCo03, and R is a rare earth element. Second | 
oxide thermoelectric conversion material is I 
shown by R1-xMxCo03 (0<x<0.5) where a part 
of the rare earth element R is substituted by i-r^mm^m 
alkaline earth metal element M. The rare earth 
element R is, e.g. Ho, Dy, Gd, Sm, Nd, Pr. The 
alkaline earth metal element M is, e.g. Mg, Ca, 
Sr, Ba. 
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[is*9i] RC0O3 -?$tati6m<kV3*mm*b 
ft 9, Rn%±n7tm-eh zztzw®bi-%mit®m 

^JSK,*MT'Bg|$tlfcR,-, Mx C0O3 (0<x 

urn* 

[«*93] *5ffi^±S7€*R^Ho, Dy v G d . 
Sm, NdXttPr-Cfc5M*«lXtt2fcK*©iMfc: 10 

[»*«4] WE7/W*y±«A«5E*M^Mg, C 
a , S r XI4B a 2 MSBttOlfefcfefAX 

mm. 
[0 0 0 1 j 

6*5»ft*WKltt»W|sHiHi-*. 20 
[0 0 0 2] 

[0003] lt\ a^^fsic^-ra-^ 

[0 0 0 4] Ciife* — ^fiM, h 

[0 0 0 5] if — sy^a*«:fllfflf*ttf. J»«r««t 40 
^©i 5 ft*********-*-* WIritiittfit 

[0 0 0 6] afttfc#^tt**©«W*g&JM£|ll^3;h, 

■c^a. ^^^-o^«w w»^$ft 

S5:til$ix5C0 2 , NOx, S O x f±a$fliA®ljKHft 
l/3l3irftv\fc», »9<OjR2/3©fRttHt«H- J E: 50 
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[0007] mm%mt®M*. m^a^Mm^m 

[0008] r©irt, nS»*fc-Ctt«fflfllii*jE«fc 
ft 9, pS^«^-ett{Sfiffl^jEffi(Cfta„ «oT, P 

fti LTiff^J^^ixfc^ffilcftafc*, :©p n*ttc 
«t 0 »dfe-f Sfcffitt p m.MKfc<£>&n?) t n 
fifcAwftlcftS. 8Eot, :©p n#£#fl:l£|K$!IS 

[0 0 0 9] fRft««©Sb***B*$*5fc«>l-«:» SS 

ixnif, iSffltttl<oafrftfR««**t»« J S»*n-c 

[0010] t^*Ofi«^*^f4±t L-X#mtVott 
^e>#^§tvTV^5o #ffl£*vCV^P> i- 

ic, r©«-)(sn43 0 ox;<D9mmmmft-?ib'Q. 50 
[0 0 1 1] mim<Dmm%mwnt lx, si-Ge 

B8ft#)|SK\ P b - T e Strains £*VC*S 9 . 3= 
[0012] F e - S i ^TOf±ff&MfelCffitv/cj?ft« 

n-rstc, *3«*«;««t-C7 0 o°c«iiT-$ 
[0013] cix^oiSsm^^^ffl-cro^ko 

mmsxmc^ ^^«tt©isiHt*)ofc 0 ^*»b i -t 

e STO^P b -T e 5R*mtt*5c*Sr*A/TV^Sfc«) 
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[0014] *fc, stiiiL^fflaet^jc, jmrc&tm 

foofc 0 »«3EJMm©ttlHt«ZH:. Z = a 2 • a/ 
k (a U V/K] , a : «^fi^E* 

[S/m] . k [W/mK] ) X$-7ib)X 

iooi5] t&nkmt®<om<fr®&omm&, ±kw 

12tti6fa$5: Z (Figure ofMerit 

&«ffi$Z ICRS UT^Hi 1 P -CPflS £ 4t5»£fc *> 
5„ COtH^ISl^-P (Power Factor [W/ 
K 2 m] ) iiP = a 2 • at^X^, tB0C©tt# 

[0 0 16] ^«ip(0fl;^Ofi5»V^SS«-7-1iMT* 

Z**#<TtaeS«#Sfc<*oTL£5. 
[0017] 

[0018] *zt\ mim^mm^ftzmmKmi 

mifflftZtlXZIZ, ZnO^CuAlOfffl 
*T«^fc», SififtfflttKo^-ciH«W:*<. tmt 

^^iV^gi^WLTV^ 40 
[0 0 19] #»H#*fi, ^©«t5*ttKSr*i-SBt 

:©Zn-In-OMftW*TOUnll 
«#i:UT«IM-6C4:^iS»oTV^5. lot, 

[0020] ftoT, m^x-mm^m 
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[0021] 

0O3 xmztizmkVo*m»frbte<9 . r(±#±Stc 

[00 2 2] It *3l 2 co^BJll, Hf|fE*r±ffi5t;^R O— 
SS«ST/w*!J±S^Ji»5£SRM-caift*lxfcRi-x M. 
C0O3 (0<xS0. 5)-"C«Siti»*9HcSE« 

[0 0 2 3] »#JS3©38Wtt» 1WSB*±*7C*R* S H 
o, Dy, Gd, Sm, NdXIiP rt'feSttMU 

[0024] 4©»hb\ mmr^ y ±®^s 

TESlf M#M g , Ca, S rXfiB a-Cfc5ft*^2iC|E 
[0 0 2 5] 

3 (z.z.xR\±^±myvm 5 , La» 

[0 0 2 6] narrow 3d-»^H^> 

^l,$tl/OOfcS„ #J;tff, NaCoa O4 . Ca. 
c o . 2 o 29 > Li mrnn i Ot»©IWb«9fl«SlMt 

[002 7] *ilt^linarrow 3d 

- tf££JR'<v K«r*i-6IMIsft i N»#* f *fl:'IM!l«« 

[0 0 2 8] ot 9, narrow 3 d -S^JS^ 

[0 0 2 9] ^n^*^ h-flligttflS^SfcNMXa 
StV*«IWb»lcA6tt/'BIS**jiE-Cifc!3, *WftX 
H\ Nir tT#r±ffl7t;*R, Mt IT = ^ h C o . X 
i LT**0*S31tfiXfc*±S3^^ HWbftRC o O 
3 ^o^*-f h«jg<0^t&^-IC*3V> 

T(±, R^8^@©3-^--l^5i*b, Co^^Wifi 
L, OiS6lOli>t&IttV^o 

[0 0 3 0] ^n^^A^ h#ig«a^©^fll'f ty© 

m&xm&$^Z^k\cZr>XfmBMt:~*iWR&X% 
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[00 3 1] *ddH3^MWk*RCoO. <Dfh±m 

0 3 litiSTWUa^Vh^R,-, M, Co 
0 3 (C&3 0 7/W*y±a^R7L*Mi:UT. M g> C 
a. S rXI4B aiSafftlS. 

[0 0 3 2] *±S5c*R©-«5S:TA'* 3/ ±S&JS^c 

a i^r6]±$* > .wm&mmz^mk-tz^ tan** io 

5„ K&fJ-g-Xfi, o<x^o. 5»i5Hic|§:^$ti 

i^sfc*, f±l7/u*y a^/v h^ki^R,-, m, 
CoOa t tTiix=0fi^ti-5„ 

[0 0 3 3] *±H=i/^ h»fls*RC oO. Xtf#± 
IT^* y 3/n'/V h^k#)R.-, M, CoOa t*SV> 
T, ^±IS5c*RfiS c, YRXfy>#; 4 YjiMfrb 

mtR£hz> 0 ip*>, %±m%mR\i, s c , y, l 3 , 

Ce, Pr, Nd> Pm, Sm, Eu> G d „ Tb, D 
V. Ho, Er, Tm, Y b XflL u frhMtttlZ,, 20 
[0 0 3 4] tiSn/VVh^tiRCoOs <Z>WmM 

-JK««[rJ^1BS^s 5 Pr, 
Nd, Sm, Gd, Dy, H o <D+ 3 fttfM ^V^NS 

tt, tyy^hP-A (a) *{i-e, 0. 99, 0. 9 

8 3, 0. 9 5 8, 0. 9 3 8, 0. 9 1 2, 0. 9 0 
lXhZfrb, 4 *>¥&<DMteP r >Nd>Sm>G 
d>Dy>Hot/i5„ 

[0035] NdCoC-3 , SmCoOa , GdCoO 

3 <D3«3g©ggH-eyw<5i:, %>±m.jtm<D-< 30 

<ft5l£ftoT, RC0O3 ©«^e^t*art* 

t<45# % RC0O3 ©•g-'<y^fl|«catt/h$<* 

<^t^<„« 1 HJMttPower Fact 
o r) P©flg|4Sm>Nd>Gd©JKlC/jN£<&oT# 
■f^^ClCttftoTSbf, LH5 0 

[0 0 3 6] WA#«Pi»fe«»fi-5t, *±S3^ 
l-ittRCoO a fi, 7 0 0 o CJ^±C0iS5^!Ci5^Tt) 40 

fc p mmmmm t Lxmrn-tz, 

[0 0 3 7] Sfc, f±S7;l/* y h^-fk^R 
i-. Mx C0O3 (0<X^0. 5) T-fi, %r±M<D 

[0 0 3 8] t±l7/V* y h mk®>R . -. M 

, CoOi (0<XS0. 5) T'fi, t±||3/^hi 50 
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tti6}&jKZfi/hS<*S. Li»U 7 0 o'CSUcOftm. 
14f££W-f3 0 Sot, *»W#*#Klc«3&L-C^5 

[0 0 3 9] i!E^M©'b©t?&oT 

R^ktt^JS (Ag, Au, Re, Ru, Rh, Pd, 

os, ir, p tmomtm m*tt$tix^xti&. 

[0040] #»W0f«£*tm0>«?L*f±. 
n^ffliiiqSCTiglD&femf ii^(43~9 0 

% 1 0 ~ 9 7 %) -C*) (5 , »IL<S10~ 

8 0%T*fc9, #!;2 0~7 0%tfc5rtMt)^ 

tv\ ^?L*^3%*jgt?fe5t, mmmcx'om^tii 

[0 0 4 1] *»WJ-*J»t5«?Ltt, WMcSfeida 

[0042] ^wo»««**mo»«tXf3r+ifert. 
[0043] **K©j»it««i*mf±» #±S^KR, 

3/VU-hCo, T/V*y±^JSfeKMSrRCo0 3 X 
UR.-, M, CoOa (0<XS0. 5) ©•fk^iCic 

X26 0 

[0 0 4 4] Mirf, 3f3e*©*±S»K, a^h 

6 r/v^7 y ±sajr t> ) z^te^mmzim 
Tv^5^^aIot&5l^w»^fe Offife, ««jsfe* 

[004 5] &fSfeT*(4, 4-fffl»*mfc LT*±^fe 
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T««xuaa;-ca^ ■ »am-5. ^©#3\ jek&b 

-t!E{t:£#lt4, R 2 0 3 (R=Ho, Dy, Gd, S 
m, Nd, Prf) , MCOa (M=Mg, Ca, S 
r, Ba) . Co. 0< ffOlMUIfelCR&Jvr , #J;t»4* 

[0 046] ttffiife-CH:. #tfcifc» *JR^J«ife«)tO^*P 

^©tt£fe£i£#&-frjtib©, *>5v^tt*fit^©jS«E 
(^^/-/K 3i^y-/Hfo*«»«) ±IE 

[0 0 4 7] $tflj£-CI4> MilfCVD (Ch em i c 
al Vapor Deposition)^ f&Wjfi 

[0 048] ^febtft^ttoyjetfeStt. ft*]***© 

&I40. 0 5~1 OdmSS^ £f£ L<fiO. 1-8// 
m, £9j?IKli0. 2~6 /zmtl-fUf «fcV\, 
[004 9] IM^te, TW*8'M V 
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y -,\>m<r> tr=/u»»j|g*> 5 ^ar/vft k*»j»« «: 

5W«^<-f^^-©tt«, 3fS©£i?U^Ja£ CT®£ 
JprOSS?L*^3~9 0%t45J: 5 CR*i-60**ff* 

10 [0 0 5 0] ft^T\ $*J^f*£fflV^T$^ ; Hf 5o C 

^znamimm. &m«££Ejttg& (c i (co 

ldlsoPress Mould)) » Jf tH 

• f&*te&^©#^T«£tvcv^$« 

< * 5 «t 5 s Z. t * t 

20 [0 0 5 1] i^T, ttbftfc^ft©!^*^^ & 

n, fflv^5i)*iii|sf©aM, ari»fc*t"caa:«3E"t- 

*ttf«fc<, 000-170 o'CSSwffiHt-f- 

[0 0 5 2] ^fi!c#H^(4, #icfiJPfiSix-f, 

ic^*«^*jv^-c, K*5>/±*sywi-5©ic^r^iT- 

40 [0 0 5 3] **J, *«BJT*<4, V^-f*t036rSc-e^J** 
[0 0 5 4] 

«BJT*i4, #fett(4iS>:©J:5(cU-caiJg$ixfc„ 
50 (1) mnem^o (Electrical Cond 
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uctivity [S/c m] ) 

(2) f-^y^Sa (Seebeck Coeff 
i c i e n t [/i V/K] ) 

&nn<D-mncmtetntx?ihmizi / f'9 . ««£(g 

• P t./RhJ»«»tJ:9H«}|HIlC*4Lfca«*AV 
*M*Ufc. r*i6oi:«»6AV/ATSrtHlLT, -tf 10 

[00 5 5] (3) $€l$k (Theimal Co 
nductivity [W/Km] ) 
U-f -7 7 y v-^S^fj^ftfcifef $ t ( DSCiJ> 

(4) *Mt£&tt££«:Z (Figure of Me 
r i t [K _1 ] ) 

SMei^kOSi^f,, Z = a 2 j/ktiot* 
ft?>tt5o 20 

(5) ittTjH^-P (Power Factor [W/K 
2 m] ) 

ttiTjH^pii-tf — tyt&ma tn*.&mmofrb, p 

(6) ttAfe0N£&ft£ 

ia<£>«Jg!4 S EM<h TEMici 9 fffrtvfco 
[0 0 5 6] : RC oO3<0|^] R 2 Os 

(R = N d , Sm, Gd) iCo s Cu ©j»*£fti: • 
RttU 2 4l$M#-/W5/w-eeS3B£Lfc. 30 
*;/U3=T«Wc»L, 0 0 0°C, lOBfffl 

<K£Lfc. -ton, #-A'$./i'-?6ftMtoWB>&tZ>z 

Stfc. t&*IS^Sr 1 9 6 MP a ©ETJT'C I P/&Jg 
U ^OA^tr^Kf-pl loot, 1 OttMtttt 
U RC0O3 jK*Sft*^Ufc. 
[0 0 5 7] fte>ftfc3«g<Ai*|5fNdC oOs , Sm 
C0O3 , Gd'Co'Oa Srffl^-C, f-^s/^fai 

y^flMRattBlfc* «$5£>S*all0 2i~. trJ^H^ 40 

[0 0 5 8] 01, M2Rtfm3i>*(±>mbfrti:£ 1 j\Z.* 

fii^^/n-ittRcoOa w — s m 
m\z^-th^t\mmxhi>. Nd" , s m +3 , 

Gd" <D4$~>¥-&&* |-o-A (A) 

X\ 0. 9 8 3, 0. 9 5 8, 0. 9 3 8 Xh&frb, 
•r^-V^NKDJEJiNd >Sm>G d irftS. 
[00 5 9] NdCoOs , SmCoOa , GdCoO 50 
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!ftS*t<*5lceSoT. RC0O3 — 5?^««b 

ot^OilJKifc!), — Jt|tlciR*L'C*<«rtl«:* 

[0 0 6 0] L/$>U tii73H^PC{iS(±Sm>Nd >G 
d ©Jfilift "5 , ^V^SOltl'fi&oTV^l^ Ld> 

t>, ffl*B^P«5 0 ot;tti£Kfc°-*£WU 
«»^W-r3#ii^^o 0 ta*HT-Pf4 7 0 ot:ji(±-e 

t>«»*9*#<s RC0O3 #*fi««-eW3(lJ.o££ 
Hfttl 0 0 CCifi^TtBf*©** 3**U RCo 

0-3 imwtttt p saMtasswm-cfcs c t 

£*t/C 0 

[0 0 6 1] [36J6M2 : Ro. 9 Cao. 1 C0O3 
©#•0-] HlfiM2-r*f±, X = 0. 1, M=CalCftSt 
5R... Cao. 1 CoOs &%W&\\ tl^^^jfe 
r^S^fc, BP*>, R 2 O3 (R=Pr, Nd, S 
m, Gd, Dy, Ho) , CaCOj SO'Coa O, <D 

lOOOt, lO^W^bfc, ^©m, tf-A-S/V'-? 

6 B$ratMHB£--*-5 £ t ioT ¥*&*fcS 1 n mfilTI- 
W«U »5fcJS0|Sr&iWKLfc. WI«19 6MPa 
©flb*T*C I PtfJgU rOJ«»flc«:*«t>Tl 1 0 0 
t, 10B£W$jJjgU Ro. . Cao. 1 CoO s IS 

[006 21 6lI©^Pr..!i Cao.! CoO 
3 , N d 0. 9 C a 0. 1 C0O3 , Smo.9 Ca 
0.1 C0O3 , G d 0. 9 C a 0. 1 C0O3 , Dy 
0. 9 Cao. 1 C o O3 , H o o. 9 Cao. 1 Co' 
O3 imbtllto LT, -t?-- 

ma (04) , taesfo (05) , m&mmk m 
e) , mm&mmmz (07) x^w^h^p (08) 

JPIWE • fr* Sit, 04~08(c^$H3 o 

[0 0 6 3] HUitLfciSIC 1fr±M7tm<D-< 
©TC'MIMUIP r >Nd>Sm>Gd>Dy>Hotfc 

J: 5 fcttfatt&tfifll 1 fcffitTV*. *fc, ±TO*a^i: 

[0 0 6 4] -7f, H5*»P,^5«t5li, ^-MS"? 
fi«r < £5l::»*vcmSC£^a ttTct 
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3o NdtPr©«m 7 o otJSUi-et^ 

[0 0 6 5] 0 5X1/0 6 i»P>^A»5J: 5 IC % 1f— <y 
* AMR a 9 0 0 < C*-e#IC$$Ufd( 

*.&*>0-ch&z.b#&&vit. mmwmvm o ot 

jO 0 6 6] B6K*,e>;ix5J;5fc > fflft*Jp{Cfl£V^ 

< 5. 

J o o 6 7 ] El 7 tt*ME£&&tgft£cz nuSLfoft&Z 

[0068] Hsjita^H^pwiaflftt^tt*^. m 
AH* PI4fMt£*tf-fB»«z i{Hfc*»ft*1-ii«s 

!)v Ro.i Cao. i C o Oa #9 0 OtTt+^IC 
[0 0 6 9] **Wtt±|B**Wtl»S$*v5t©-e»4 

[0 0 7 0] 

»*«10l8M^J:jttf. RCoO 

a (r : n>±m7tm iwt^mm^mtnt-r^ 
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* fc#-C#5. 

[0 0 7 1] »*«2 0«WfcJ:ixfi. RCoOs ©t 
±IB5c*RO— «BSrT/i'*y±a7c*M-Cfll*LfcR 

Mx coOs (o< x ^o. 5) zmtvumm®. 
us-?*. 7oo < ca±©i«ffliH«-?tttffl^Rrffi»fciii9 

[0 0 7 2] s,#«3©«Wfc«t*uf. *±ffl7u*Ri: 

10 LtHo, Dy, Gd, Sm, N d XIZP r SrflJfflT't 

[0 0 7 3] »*«4 0«HfcJ:iitf, Tfr*l)±m7i 
*MiLTM g> Ca, S r XliB a ©£{B&5u*&#IJ 

[mi] #»wte«sfR«gswmRCoOa — ; 

20 [02] #3BW£«S?»«£*#)ftRCoO. ©*SU5 

[0 3] *«fltff5it«lltt»RCoO. ©ttJ^H 

[04] **Wl;i«3J|&«gifc#!ftR.. 9 Cao. 

[05] **WIC«5*«««*i-^Ro. 9 Cao. 
CoOa CO«^e^*ro?£^ft#tt^^-f- 0 
[06 ] *»WIC#5«im««*tJ(SfRo. 9 Cao. 
CoOi Ofi€^*cDS^ffttSr^1-o 
30 [0 7] #«Wfc«S?R*£»*mR.. 9 Ca„. 

C0O3 ©**«&ttfBffi&©ma^#tt£jjH- 0 

[08] **W.-«5SR«***tWRo. 9 Ca„. 
C0O3 ©tttfjH^OfiSft^tt**-*-. 
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Pro. iCae. a Co Oa 

N4a. »C« a. iCdOi 

Sua. »Ca 0. a CoOa 

Odo. .Cao iCoOi 

Or o. 1C1 a. 1C0O1 

Hoa, »C«o. jCoOo 
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(72)«0!# Jgffl BgH 

**Mf*Kr1i#£E»fflffi 2 T B 7#19^§- 
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*SMF*Rm«0lEEacfflff2TB 7#19# 
*»B*IRilT^^ttiB2TB 7#19# 



